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I. Background

II. Mobile Location Technologies

“Handset-based” “Network-based.”
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A. Handset Based Technology

1. Global Positioning System (GPS)

2. Beacon Technology

3. Enhanced Observed Time Difference (EOTD)
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.

4. Observed Time Difference Of Arrival (OTDOA)

5. Advanced Forward Link Trilateration (AFLT)

B. Network Based Technologies
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Maximum Likelihood ML

Minimum Least Squared Error MLSE

Weighted Nonlinear Least Squared Error WNLSE 

Gaussian Maximum Likelihood GML
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1. Cell Identification (CID)

2. Received Signal Strength (RSS)

     

3. Time of Arrival (TOA) Based Positioning
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3.1 TOA Positioning Using Least Square Estimator

4. Time Difference Of Arrival (TDOA) Based Positioning
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4.1 TDOA Positioning Using Least Square Estimator (LSE)

5. Angle of Arrival (AOA) Positioning
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6. RF Fingerprinting Positioning

Error Models

Received Signal Strength (RSS) 4-12 dB(~90-200 meters [19]) 

Time of Arrival (TOA) 50-125 Meters 

Time Difference of Arrival (TDOA) 10-60 Meters 

Angle of Arrival (AOA) 5o – 10o (~150 meters [20]) 

RF Fingerprinting RSS MAP 3 dB(~100 Meters [21],[22]) 

GPS 5 – 20 Meters 

2

Fingerprinting
Database

Prior RSS Data:
RSS fingerprint 1
RSS fingerprint 2
…

Known Positions:
Position 1
Position 2
…

Positioning
Signal

Receiver
Pattern
Matching
Algorithm

Estimated
Positioning
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IV. Methods to Improve TDOA Accuracy

A. Increasing Power for Position Location
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B. Effect of Additional TDOA Receivers in Positioning Accuracy

SINR
(dB)4 Percentage of Calls for 3 TDOA Receivers Percentage of Calls for 4 TDOA Receivers

5 51% 54%

10 66% 72%

15 70% 80%

Improving the Location Accuracy by a Combination of an Increase
in Mobile Power and Quantity of TOA Receivers

Mobile Power Increase
(dB)

Position Accuracy
(meter) Percentage of Calls

0 50 to 125 67%

3 50 to 125 72%

6 50 to 125 81%

9 50 to 125 87%

12 50 to 125 89%

4
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Mobile Power Increase
(dB)

Position Accuracy
(meter) Percentage of Calls

0 50 to 125 67%
3 47 to 116 67%
6 41 to 102 67%
9 37 to 92 67%
12 35 to 88 67%

Mobile Power Increase Position Accuracy Percentage of
Calls(dB) (meter)

0 50 to 125 73%

3 50 to 125 78%

6 50 to 125 87%

9 50 to 125 93%

12 50 to 125 95%

Mobile Power Increase
(dB)

Position Accuracy
(meter)

% of Calls

0 46 to 115 67%

3 42 to 105 67%

6 37 to 92 67%

9 33 to 81 67%

12 31 to 76 67%
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VI. Conclusion
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Appendix A
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Appendix B

Case Study to Estimate the Number of TOA Receivers
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Total Urban Area
(in 50 States + PR)

Estimated Urban Cell
Radius
(Mile)

No. of UTDOA stations
Per Sq. Mile

Total Number of Positioning
Sensors

(Assuming 1:1 Ratio)

110,708.70 0.75 0.59 65,563

Table B 1 Estimated Number of Positioning Receiver for Urban Area
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Exhibit B 1

Urban Areas As Defined by Census 2010

Exhibit B-1.pdf
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Exhibit B 2

Link Budget
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Exhibit B 3

Methodology Used to Estimate the Number of UDTOA Stations
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Appendix C

System Processing Gain
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